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ABSTRACT

O. horridus (a member of the family Araliaceae) is a plant traditionally used by
the tribe of Pacific Northwest America for medicinal as well as spiritual purposes. O.
horridus is found in the temperate forests of northwestern North America as an
understory shrub capable of growing in well-drained to poorly drained, shady sites.
Traditional medical preparations of O. horridus include decoction or infusion,
preparation as a tea, preparation as a poultice, or preparation as a tonic. O. horridus is
used as a form of treatment for cancer, hypoglycemia, diabetes, tough pneumonia, and for
colds. A practical and reliable extraction method using Soxhlet extraction, Liquid-Liquid
Extraction (LLE), and Solid Phase Extraction (SPE) was designed to extract, purify, and
identify chemical compounds from the complex plant matrix of O. horridus.
Soxhlet extraction, LLE, and SPE were used successively to obtain the desired
sample for HPLC and LC-MS analysis.

Soxhlet extraction was performed using

methanol to extract the sample from the root bark of O. horridus. This sample was then
subjected to LLE using A.C.S. grade solvents, i.e., hexane, chloroform, ethyl acetate, nbutanol, and water successively to extract compounds of different polarities. These
fractions were dried down separately using a rotary evaporator, and the fraction of
interest (chloroform) was subjected to SPE using a Silica, HyperSep Diol, and Sep-Pak
C-18 SPE cartridge successively. The desired extract was separted by C-18 and analyzed
using high performance liquid chromatography-UV (HPLC-UV).
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Extraction and

separation by using Soxhlet, LLE, and SPE allowed for sample clean-up and
concentration of the analytes of interest.
HPLC-UV was used to separate compounds of interest from the post SPE
extracted sample of the chloroform fraction. Fraction collection of major peaks allowed
for further HPLC analysis of peaks of interest and LC-MS analysis provided rapid
analysis of compounds in the collected peaks.
chloroform fraction of O. horridus using LC-MS.
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Ferulic acid was identified in the
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CHAPTER ONE
LITERATURE REVIEW
1.1 General Information
Oplopanax horridus is a member of the family Araliaceae and one of three
species of the genus Oplopanax (1). The three species of Oplopanax include Oplopanax
japonicus, Oplopanax elatus, and Oplopanax horridus found in Japan, northeast China,
and North America, respectively (1). Research on the three species has shown that
different types and amounts of polyynes are present in each of the three species (2). O.
elatus and O. horridus are hypothesized to be very similar to each other. The internal
transcribed spacer (ITS) data of the nuclear ribosomal DNA sequence show O. horridus
and O. elatus differ at only two or three positions (3). Many of the chemical components
of O. horridus and O. elatus are very similar with slight variation in the sugar moieties of
the identified compounds (3). Synonyms for O. horridus found in botanical and
ethnographic literatures are Echinopanax horridus (Sm.) Decne. & Planch, Fatsia
horrida (Sm.) Benth & Hook, and Panax horridum J.E. Smith (4). O. horridus is also
commonly referred to in literature as devil’s club (5). O. horridus has around 13 to 15
known separate etymons for more than 25 different languages (4). O. horridus, the
commonly known American ginseng (Panax quinquefolium), and Oriental ginseng
(Panax ginseng) are all members of the family Araliaceae (6). O. horridus is different
from its relative ginseng in that the major bioactive constituents of ginseng include
triterpene glycosides called dammarane saponins while O. horridus contains no
dammarane saponins (3). Therefore, the main active ingredients in Ginseng are
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ginsenosides which belong to a family of steroids named steroidal saponins (6). The
polyacetylenic compounds distributed in the herbs of Araliaceae are also found in the
sister family of Araliaceae named Apiaceae that contains the carrot (7). Plants belonging
to Araliaceae have traditionally been known to exhibit health benefits (6).
O. horridus is a native, erect to slightly spreading, spiny, deciduous shrub from 13 m in length (8). Devil’s club is commonly found in the temperate forests of
northwestern North America as an understory shrub (9). Devil’s club is common under
canopies of western red cedar (Thuja plicata), western hemlock (Tsuga heterophylla), red
alder (Alnus rubra), sitka spruce (Picea sitchensis), and amabilis fir (Abies amabilis) (9).
O. horridus often dominate in the shrub layer of these forests but can also grow in
mixtures with other shrubs including salmonberry, red elderberry, and red huckleberry to
name a few (9). Devil’s club is considered shade tolerant (9). This plant has long, thick
ascending stems and large palmately lobed leaves with blades up to 40 cm or more (4).
Sharp spines (5-10 mm in length) arm the stems, petioles, and leaf veins of the plant
(4,9). The spines are highly irritable and can fester under the skin (4). The flowers on
the plant are greenish-white and are borne in terminal pyramidal clusters (9). The
flowers bloom from May to July depending on the elevation and latitude of the plant (4).
The fruits produced by O. horridus are compressed and ellipsoidal in shape. They are
bright red, somewhat shiny, spiny, fleshy berries (4). The plants are slow growing and
may take many years to reach seed bearing maturity (4).
O. horridus is found predominately in Alaska, south to the central part of Oregon,
eastward to the Canadian Rockies, Montana, and Idaho (4,10). This plant grows in moist

	
  

2	
  

rich soil in coniferous woods, but can grow in soils that are sandy or loamy in texture as
well (4,5). O. horridus is a wet-site indicator, growing on moderately well-drained to
poorly drained, shady sites (5). O. horridus grows in dense, nearly impenetrable thickets
(4). Sites where it is commonly found are near springs and streams. It is also found in
drainage, seepage, and wet bottom areas (5). O. horridus supporting soils are usually
derived from quartzite or from fluvial, colluvial, glaciolacustrine, or morainal deposits
with an acidic soil pH. The soil nutrient level is usually rich (5). O. horridus grows from
near sea level to subalpine elevations in the mountains (4). The elevation varies from
1,189-1,524 meters in northwestern Montana to 0-518 meters in southeastern Alaska (5).
O. horridus is not widely cultivated and is mostly harvested from the wild (3). O.
horridus is able to persist through stages of stand development ranging from high light
intensity in open clearcuts to extremely low light levels beneath second growth canopies
by vegetative growth, through layering and basal stem sprouting (10).
1.2 Traditional Uses
O. horridus is an ethnobotanical that has traditionally been used by the indigenous
people native to the Pacific Northwest of North America (3). It is claimed that O.
horridus has been used by people from over 38 linguistic groups for the treatment of
about 34 broad categories of medicinal use (3, 9). There are a variety of indigenous and
current uses of O. horridus in various ailments. Uses of O. horridus include and are not
limited to use with appetite, birth control, blood purification, healing of broken bones,
cancer treatment, childbirth/menstruation, diabetes, diphtheria emetic/purgative, fever,
flu, gall stones, hemorrhaging and blood disorders, heart disease, insanity, internal
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infections, laxative, lice and dandruff, lymph trouble, measles, pain relief, pneumonia,
respiratory ailments, skin wash, sores, stomach trouble, tonic, venereal disease,
vision/blindness, and weight loss (9). The Alaska Natives from Kodia, Kenai, Cook
Inlet, Tanana Valley, Prince William Sound, and the Alaskan southeast coast similarly
used the inner bark of the root and stem to treat colds, cough, and fever (11). The Gitskan
people of northwestern British Columbia use decoctions of O. horridus to treat
respiratory illnesses, tuberculosis, arthritis, heart or blood problems, and purification or
enhancement of luck (12,54). In folk medicine, the inner bark of O. horridus is known
for treating rheumatism, tuberculosis, colds, and headaches (1,12). The berries of the
plant were used on the hair and scalp of children to prevent lice and dandruff (4).
1.3 Medicinal Preparations
The use of medicinal plants has a long history throughout the world that can be
seen in the pharmacopoeias of numerous countries (13). The traditional preparations of
these medicinal plants allow great insight into extraction and uses of these medicinal
plants. Decoction, or the process of concentrating the plant by heating, and chewing of
the inner bark, stems, and roots were common ailments for respiratory problems such as
cough pneumonia. Infusion or decoction of the inner bark or berries was used in the
cardiovascular realm for hemorrhaging heart disease and in the gastrointestinal realm for
diarrhea. Infusion or decoction of the inner bark has also been used with individuals
treating cancer and treating colds or infections. Diabetes and arthritis have been treated
using infusion of the inner bark, roots, or leaves (3). The infusion process involves
heating of the leaves or inner bark in water over several hours to make an herbal tea (4).
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The conventional native method of preparing devil’s club tea involved slowly boiling
roots and bark in a large enamel pot over a period of four to six hours (14). A study on
the hypoglycemic properties of devil’s club tea had varying results with uncontrolled
variables causing the data collected to seem inconclusive (15). Inner bark of the plant has
also been used as a poultice, a soft moist mass of material held in place by cloth, on
swollen glands, boils, sores, and other infected areas. The plant has also been chewed
and tied onto wounds to relieve pain and prevent blood poisoning (4). Applying the
heated inner bark directly to the bandaging or injured wound, as well as chewing the bark
and spitting the mixture onto the wood has served as an emergency analgesic and local
antiseptic for native people (11).
1.4 Nutraceutical and Medicinal Benefits
The world demand for nutraceutical ingredients has advanced 5.8 percent
annually to $15.5 billion in 2010, serving a $197 billion global nutritional product
industry (16). These statistics show an increasing demand for nutraceutical ingredients
by society. The term “nutraceutical” is defined as “a food (or part of a food) that
provides medical or health benefits including the prevention and/or treatment of disease”
(17). The nutraceuticals could contain phytochemicals or bioactive nonnutrient plant
compounds found in fruits, vegetables, grains, and other plant foods that have been linked
to reducing the risk of major chronic disease (18). An increased effort is being expended
worldwide on the isolation of natural products from terrestrial and combined with the
application of bioassays to crude extracts to isolate and identify bioactive compounds
(19). It is believed that sesquiterpenes and polyacetylenes, or polyynes, are related to the
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bioactivity of O. horridus (1, 20). Sesquiterpenes are a class of terpenes that consist of
three isoprene units. They may be acyclic or contain rings (21).

There have been 36

sesquiterpenes and oxygenated sesquiterpenes identified in two independent GC-MS
analyses of O. horridus (22). Seven polyynes have been isolated from the inner plant
bark as well (22). Huang et al. discovered three new phenolic glycosides
(oplopanphesides A-C) from the root bark of Oplopanax horridus. Oplopanphesides A-C
showed no effects against human cancer cell lines (MDA-231 and MCF-7) (23). Phenolic
glycosides had been demonstrated to have antioxidant, anti-cancer, anticarcinogenic,
immunomodulatory, antimicrobial and antiparasitic activities (23). Lupane type saponins
have also been found in the leaves of O. horridus (18). Gas chromatography (GC) and
high-performance liquid chromatography (HPLC) have been used to isolate and identify
the contents of volatile compounds and polyynes in O. horridus extracts (3).
The most extensive pharmacological research on O. horridus involves the plant’s
anticancer abilities (3). The American Cancer Society estimates that a total of 1,658,370
new cancer cases and 589,430 cancer deaths will occur in 2015 alone. It is estimated that
93,090 new cases of colon cancer, 21,290 new cases of ovarian, and 234,190 new cases
of breast cancer will occur in 2015 (24). Research has been completed on these three
types of cancer to find safer ways to stop the growth and potentially kill these cancer
cells. Natural products research in this area is of interest to help potentially avoid the use
of cytotoxic drugs in the future (25). In a study by Sun et al, the compounds 9,17octadecadiene-12,14-diyne-1,11,16-triol,

1-acetate

(1),

oplopandiol

acetate

(2),

falcarindiol (3), oplopandiol (4) , trans-nerolidol (5), and t-cadinol (6) were all isolated
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from the root bark extract of O. horridus. Compounds (1-4) were polyynes while 5 and 6
are sesquiterpenes. Their chemical structures are shown in Figure 1.1.

Figure 1.1: Polyyne compounds isolated from the root bark of O. horridus. The polyyne
compounds 9,17-octadecadiene-12,14-diyne-1,11,16-triol, 1-acetate (compound 1),
oplopandiol acetate (compound 2), falcarindiol (compound 3), oplopandiol (compound
4), trans-nerolidol (compound 5), and t-cadinol (compound 6) isolated from the root bark
extract of O. horridus (Reference 20).
The anti-proliferation of isolated hydrophobic constituents was tested on human
breast cancer MCF-7 cells, human colon cancer SW-480 and HCT-116 cells (20). Cell
cycle and apoptosis assays were used to study the potential mechanism of
antiproliferation. The cell cycle test showed that compounds 1-4 induced HCT-116 cell
arresting in G2/M phase, compound 1 being the highest arrest. The anti-proliferation test
showed that compound 3 decreased the proliferation of MCF-7 breast cancer cells.
Compared to MCF-7 cells, SW-480 colon cancer cells proliferation was more susceptible
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to all compounds (20). The apoptosis test indicated that the identified compounds 1-4
had strong induction to the apoptosis of HCT-116 cells and dose dependent responses
(20). The hydrophobic constituents and their potential anticancer activities were also
studied in a similar study by Sun et al., regarding the removal of water soluble
components of devil’s club root bark and their effects on improving anticancer activities
in regards to breast cancer MCF-7 cells and non-small cell lung cancer (NSCLC).
Fractions were chromatographed from a Dianion HP20 resin column with water, 30, 50,
70, and 100% ethanol. The 70 and 100% ethanol fractions demonstrated much higher
antiproliferation on both cell lines. These fractions were extracted using more nonpolar
solvents indicating the more hydrophobic fractions may have higher antiproliferative
effects.

Antiproliferative activity was also found to be stronger in regards of the

hydrophobic fractions of the plant extract as shown in Figure 1.2 (26).
Another interesting finding was that the 30% ethanol actually seemed to cause
proliferation on the MCF-7 cells so the hydrophilic constituents should potentially be
removed when treating cancer (26). A study by Tai et al. investigated the inhibition of
human ovarian cancer cell lines by devil’s club root bark samples extracted with water,
70% ethanol, 100% ethanol, and 100% ethyl acetate. The proliferation of human ovarian
cancer cell lines A2780, A2780CP70, OVCAR3, and OVCAR were all inhibited by the
water, 70% ethanol, 100% ethanol, and 100% ethyl acetate extracts, which blocked cells
in the S and G2/M phases (27).
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Figure 1.2: Percentage of proliferation of human (A) breast cancer MCF-7 cells and (B)
non-small cell lung cancer cells treated for 48 h with the root bark extracted with
ethanol:water solution (Reference 26).
A study by Wang et al. compiled HPLC data that showed the composition of the
O. horridus stem extract was much more complicated than that of the berry extract (25).
Figure 1.3 shows the antiproliferative effects on colon, breast, and non-small cell lung
cancer cells with O. horridus stem extract treatment using the MTS method where the
cells were treated with 0.1–1 mg/ml of extract for 72 h (25).
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Figure 1.3: Effects of Oplopanax horridus stem and berry extracts on proliferation of
colorectal cancer (SW-480, HCT-116, HT-29), breast cancer (MCF-7) and non-small cell
lung cancer cells ((NSCLC) (Reference 25).
In lower dose treatments, the stem extract mainly arrested cells in the G2/M-phase
and influenced the proportion of G1-phase. In higher concentrations, the stem extract
arrested S- and G2/M-phases as well as G1-phase (25). The treatment of human HCT116 and SW-480 colorectal cancer cells with oplopantriol A showed significant
antiproliferative activity in a time-concentration dependent manner displayed in Figure
1.4 (28).
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Figure 1.4: Percentage of proliferation of human HCT-116 and SW-480 colorectal
cancer cells treated with different concentrations of oplopantriol A. Cell survival is
determined by MTS assay and calculated as a ratio of the control (Reference 28).
Li et al. studied the inhibitive activity of O. horridus using the MTS cell
proliferation assay and proved that O. horridus extract as well as two subfractions of O.
horridus inhibited proliferation of HCT-116, SW-480, and HT-29 colorectal cell lines
after treatment for 48 hours (29).
The antimicrobial properties of essential oils and their constituents have been
thoroughly systematically studied and shown great potential in the antimicrobial realm
(30). Several studies have been completed on the antimicrobials of essential oils in
aromatic plants (31). The antimycobacterial properties of O. horridus have been studied.
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The extract has a particular efficacy against Mycobacterium, the genus of bacteria that
causes leprosy and tuberculosis (3). Inui et al. investigated the sesquiterpenes from the
inner stem bark of O. horridus, which was extracted consecutively with dichloromethane,
methanol, and 50% methanol in water (in order of increasing polarity). The HEMWat
(hexane-ethyl acetate-methanol-water) partitioning system was used to remove the antiTB inactive lipophilic and hydrophilic constituents from the sample. The lower layer was
evaporated in vacuo and subjected to a second partitioning step using HEMWat. The
resulting upper layer was evaporated using the same process. The final extract showed
anti-TB activity (52% inhibition at 32 µg/mL (22). The two most active fractions were
then subjected to a MPLC (medium pressure liquid chromatography) for further
separation and the isolation of nerplomacrol, neroplofurol, oplopandiol, falcarindiol, and
the lignan sesamin (22). Oplopandiol and falcarindiol were found to have the main antiTB active principles (22).
A study by Kobaisy et al. proved that the polyynes isolated from the bark of O.
horridus (polyynes falcarindiol 2, oplopandiol, 9,17-Octadecadiene-12,14-diyne-1,11,16triol, 1-acetate 4, and oplopandiol acetate, and falcarinol) have all proven to be effective
against Mycobacterium tuberculosis and Mycobacterium avium. These polyynes
exhibited anti-Candida, antibacterial, and antimycobacterial activities, with an ability to
kill Mycobacterium tuberculosis and isoniazid-resistant Mycobacterium avium at 10
µg/disk in a disk diffusion assay (32) (Table 1.1).
The inner bark of O. horridus, at a concentration equivalent to 20 mg dried plant
material/disc, has also been proven to completely destroy M. tuberculosis and M. avium
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(33). Another study by Qiu et al. demonstrated that impurities such as monoglycerides
could have profound impact on observed antimycobacterial activity of triterpene-enriched
fractions of Alaskan ethnobotanical O. horridus (34).

Table 1.1: Antituberculosis Activity of the Extracts and Pure Compounds of O. horridus.
Falcarinol (compound 1), falcarindiol (compound 2), oplopandiol (compound 3), 9,17Octadecadiene-12,14-diyne-1,11,16-triol, 1-acetate 4 (compound 4) and oplopandiol
acetate (compound 5) (Reference 32).

Hypoglycemia and diabetes mellitus have also both been studied in accordance
with O. horridus. Large et al. found that there was a reduction in blood sugar from 35 to
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70 mg 100cc-1, with treatments at extract concentrations of 0.1, 0.2, and 0.25cc per lb. of
body weight (35). A study by Thommasen et al. reported an absence of hypoglycemic
activity when a new diagnosed non-insulin-dependent diabetic, an insulin-dependent
diabetic, and two healthy individuals were given the devil’s club tea (15). A study by
McCutcheon et al. also proved that methanolic extract of the inner bark of O. horridus
had some anti-viral activity (partially inhibiting herpes virus type 1 (36).
1.5 Spiritual Uses
O. horridus was used by Indian doctors of the Pacific Northwest tribes of
America in magical or supernatural practices to deal with evil spirits associated with
illness. These supernatural practices have particularly been reported among the Haida,
Tsimshian, and Tlingit people (Alaskan, Pacific Northwestern, and Pacific North
American Tribes respectively) (4). The sharp spines present on devil’s club were closely
associated with immunity against witchcraft and evil spirits (4). The plant was hung over
the entrance of the home to protect against witchcraft (37). The bark of O. horridus was
used as charcoal face paint. Because the wood had spines, native people believed that
rubbed on their faces others could not look them in the eyes because their power was too
strong (14). The plant was used to cleanse and protect against supernatural entities. The
laxative and emetic properties of O. horridus were used to cleanse the body and mind (4,
9).
An example of the spiritual use of Devil’s club is depicted by the Haida people of
the Canada’s Pacific coast, who uses devil’s club for luck as well as for illness. One of
the Haida rituals involved procuring 40 sticks of devil’s club (each measured from elbow
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to the finger-tips) and pushing the sticks into the sand forming a circle where the hunter
would sit. Four grindling strips of the inner bark from each of the 40 sticks where gnawed
slowly, chewed, and finally swallowed by the hunter. The effects of the consumption of
such a large amount of devil’s club lead to nausea, diarrhea, and finally reported visual
experiences that claimed to alter the consciousness of the hunter. The hunter’s sense of
smell and sight were “improved” increasing the hunter’s luck (38).
Native cultures considered external and internal cleansing of paramount
importance in the quest for guardian spirit power. This spirit power was desired to bring
success in hunting or gambling. Cathartic tonics were also used in the adulthood training
of individuals reaching puberty (4). These tonics employ O. horridus in combination
with juniper boughs, alder bark (Aldus incana), wild calla stems (Calla palustris),
subalpine fir bark (Abies lasiocarpa), mountain ash bark (Sorbus sitchensis or scopulina)
and spruce bark (Picea engelmannii or glauca). Theses decoctions were also used to
prevent or treat influenza and achieve spiritual well being through ceremonial practices
(3). The supernatural powers attributed to O. horridus are also reflected in the oral
tradition of the tribes of the Pacific Northwest (4).
1.6 Extraction Methods
“Modern” sample preparation techniques were developed to extract chemical
components from herb materials for separation and characterization (13). The advantages
of these techniques include reduction in organic solvent consumed, elimination of
additional sample clean up, and concentration steps before chromatographic analysis.
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Thus, sample preparation techniques help improve extraction efficiency, selectivity, and
kinetics in the analysis of medicinal plants (13).
Extraction and cleanup are necessary when dealing with plant products to isolate
the desired analytes. Lipid-rich food matrices often need to be defatted, using either
hexane or isooctane, prior to extraction to isolate target analytes. The objective of the
cleanup is to remove the impurities from coextractives that can interfere with the
detection of desired compounds (40). The column packing material is both analyte and
matrix dependent (40).

Extractions can be characterized as batch, continuous, or

countercurrent extractions.

Extraction of plants materials can be done by various

extraction methods, such as soxhlet, maceration, and hydrodistillation (41).
Soxhlet extraction is a time-consuming semicontinuous solvent extraction
method. Soxhlet extraction uses a lot of energy in vaporizing and condensing the solvent
for recycling; therefore, it is not used in industrial separation processes (42). In the
Soxhlet method, the extraction chamber fills up with solvent for 5-10 minutes and
completely surrounds the sample, then siphons back into the boiling flask to finish one
cycle of chemical extraction (40).
Among the commonly used solvents for extraction, chloroform was of interest in
hopes that nonpolar aromatic hydrocarbons would be extracted in this fraction (43).
Chloroform has been used in several studies for different extraction methods partitioning
compounds in medicinal plants (44, 11, 45, 46). For example, Bloxton et al. identified
four known sesquiterpenes (i.e., alpha-cubebene, trans-nerolidol, spathulenol, and
oplanone) by mass spectrometry with aid of the chloroform extraction. Briefly, the
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freeze-dried O. horridus root bark was ground, homogenized for 5 min in methanol-water
(4:1, 50 mL), filtered, concentrated to a volume of 5 mL, acidified with sulfuric acid and
extracted with 15 mL of chloroform. It was then dried over magnesium sulfate to afford
1.1 g of moderately polar extract followed by a silica clean-up step and eluted with ethyl
acetate-petroleum ether (1:99) (11). Trans-nerolidol was found as a major constituent in
the root bark of O. horridus (11). Cui et al. found that the chloroform extracts from the
flowers and leaves of Ratiba columnifera were significantly cytotoxic when evaluated
against a hormone dependent prostate (LNCap) cancer cell line (46).
Liquid-liquid extraction is a separation based on the partition of solutes between
two immiscible liquid phases. This same process can also be referred to as countercurrent
chromatography (CCC), which is a biphasic system as well. Therefore, liquid-liquid
extraction can also be referred to as countercurrent distribution, which refers to a serial
extraction process (40). The use of liquid-liquid partitioning helps investigate the size,
charge, and polarity of the active constituents in aqueous plant extracts (47). Two
advantages of liquid-liquid extraction are that a minimum of solvent is used to separate
large quantities of material and it provides one plate of separation in the original sense.
The crucial steps in liquid-liquid extraction involve shaking a separatory funnel to mix
the two phases in the system vigorously to form an emulsion, allowing the mixture to
settle into two phases, and then separating the two phases by expelling the desired phase
from the separatory funnel (48). Another form of CCC used to concoct a solvent system
is the HEMWat system that involves the mixing of hexane, ethyl acetate, methanol, and
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water. It is useful in selecting a wide range of organic compounds of low and medium
polarity (49).
Solid-phase extraction (SPE) is a preparation technique based on the principles
used in liquid chromatography, in which the solubility and functional group interactions
of sample, solvent, and adsorbent are optimized to effect sample fractionation and/or
concentration (13). SPE allows the extract to flow through a commercially available
prepackaged absorbent (e.g., silica gel) that separates the extract into various fractions
based on polarity (40), which helps separate constituents that may present problems in
further chemical isolation and characterization. These removed constituents by SPE
normally include phosphatides, gossypol, carotenoids, chlorophyll, sterols, tocopherols,
vitamin A, and metals (40).
Solid phase extraction can be helpful in pre-separation of essential oils. This preseparation makes evaluation of the minor components of these complicated mixtures of
oils easier. There are roughly two categories of essential oils. Essential oils are a very
complex mixture of components belonging to different classes of compounds such as
hydrocarbons, esters, alcohols, and carbonyl groups. The other group of essential oils
consists of oils with one major component comprising up to 90% or more of the oil and a
few other minor compounds. These minor compounds can still be very important to the
quality of essential oil; therefore, solid phase extraction can help separate out and identify
these minor components away from the major component (50). In a study by Gruber et.
al. the essential oils from O. horridus of both the stem and roots contained over 50%
nerolidol signifying the major component of the oil (3,55). The separation of essential
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oils using SPE into different fractions containing (1): hydrocarbons; (2): esters, ethers,
oxides, carbonyl compounds and tertiary alcohols; or (3): alcohols, acids, and diols was
proven to be an inexpensive, effective pre-separation step with tarragon and rose oil (50).
Reversed phase SPE involves a polar or moderately polar sample matrix and a
nonpolar stationary phase (51). SPE materials in the reversed-phase category include
alkyl- or anyl-bonded silicas. The hydrophilic silano groups in the SPE material have
been chemically modified with alkyl or anyl functional groups by reaction with
corresponding silanes (51). When using reversed phase SPE the analyte of interest is
typically mid- to nonpolar. The attractive forces between the carbon-hydrogen bonds in
the analyte and the functional groups on the silica surface retain the organic analytes from
polar solutions. A nonpolar solvent is then used to remove adsorbed compound from the
SPE matrix (51).
Normal phase SPE typically involves a polar analyte, a mid- to nonpolar matrix
(acetone, chlorinated solvents, and hexane) and a polar stationary phase. Polarfunctionalized bonded groups such as LC-Diol are typically used under normal phase
conditions. Interaction between polar functional groups of the analyte and polar groups
of the sorbent allow the retention of the analyte (51). The interactions include hydrogen
bonding, pi-pi interactions, dipole-dipole interactions, and dipole induced dipole
interactions. A more polar solvent will disrupt these interactions and elute the analyte.
Silicas with more polar functional groups are much more hydrophilic relative to the
bonded reversed phase silicas (51).
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Combined or mixed-mode SPE is also used as an alternative to the use of single
SPE column (one phase) (47). This mixed-mode SPE was shown to be effective for the
purification and isolation of components of interest in medicinal plants (13). A study by
Glowniak et al. showed the effectiveness of the fractionation of free phenolic acids in
Echinacea species in the combined use of C18 and quaternary amine absorbents.
Stobiecki et al. used the combination of C18 and an absorbent containing benzene sulfonic
group as an effective preparation in profiling qunolizide alkaloids and phenolic
compounds in Lupinus albus (13).
1.7 Separation of Oplopanax horridus Compounds by HPLC
High-performance liquid chromatography (HPLC) can be used as an analytical as
well as preparative technique that offers high performance separations under high
pressure (40). HPLC is the major and integral analytical tool applied in all stages of drug
discovery, development, and production (52). Early analysis of food using HPLC began
in the 1960s including the analysis of pesticide residues in fruits and vegetables, organic
acids, lipids, amino acids, toxins, and vitamins. Stationary and mobile phases in HPLC
are used to control selectivity (40). The mobile and stationary phase compositions in
HPLC are the most important factors in separation much more so than temperature or
mobile phase flow rate (53).
Normal-phase HPLC uses a polar stationary phase and nonpolar mobile phase.
Examples of a normal phase stationary phase would be silica to which polar nonionic
functional groups stick (e.g. hydroxyl, nitro, cyano, or amino groups).

Reverse phase

chromatography accounts for more than 70% of all HPLC separations carried out (40).
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Reverse phase chromatography consists of a nonpolar stationary phase and a polar mobile
phase. Common polar mobile phases include acetonitrile (ACN), methanol (MeOH), or
tetrahydrofuran (THF). ACN, MeOH, and THF are the best organic solvent choices for
reversed phase HPLC considering miscibility, ease of use, availability, and reasonable
boiling point as well (53). Common nonpolar stationary phases include octadecylsiyl
(ODS) bonded phases, as well as shorter chain hydrocarbons such as octyl (C8) and butyl
(C4) or phenyl groups. The chain length of the organic moiety and the organic group
bonded to the silica matrix create the differences in the chromatographic behavior of the
stationary phase (40).

Reverse phase chromatography has been the main HPLC mode

used for analysis of plant proteins, water and fat-soluble vitamins, carbohydrates,
antioxidants, phenolic flavor compounds, and pigments (40).

Reverse phase

chromatography can be used to isolate hydrophobic constituents from matrices (7). Polar
forces are the dominant type of molecular interactions employed in normal-phase HPLC
while dispersive forces are the dominant type employed in reversed-phase
chromatography (52).

The chromatographic system is designed in a way that an

experimental design can be made to discriminate certain analytes (52).
1.8 LC-MS
Liquid Chromatography/Mass Spectrometry (LC-MS) has become highly
productive in chemical identification due to its: (1) high throughput analysis of trace
mixtures (56), (2) high sensitivity and wealth of structural information for analysis of
organic compounds ranging from low molecular weight (e.g., drug molecules) to large
molecular weight bio-polymers, and (3) unequivocal identification in each phase of drug
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development (from candidate identification to product release (57). A MS is composed of
an inlet system, ion source, mass analyzer, and detector (58). LC/MS is applied to
multiple component mixtures where each component in the mixture is resolved by liquid
chromatography and determined by a mass spectrometer, such as an atmospheric pressure
ionization mass spectrometry (API-MS) connected to LC in our lab (57). API-MS
ionizes sample molecules in the liquid chromatographic mobile phase, producing a beam
of gaseous ions. The atmospheric pressure condition is significant because high electric
fields will not result at reduced pressure. The gaseous ions are then extracted into a
heated capillary and then to the quadrupole mass analyzer with an octapole ion bridge
that precisely focuses ions from the source into the quadrupole mass analyzer (57). When
the energy acquired by the molecule equals the dissociation energy for a particular
chemical bond, chemical fragmentation occurs providing a great deal of structural
information (57).
Mass-to-charge ratios (m/z) are used to separate, detect, and measure the ions.
The relative ion current (signal) is plotted versus m/z producing a mass spectrum. There
are two types of ionization methods for MS.

Electron Ionization (EI) creates ion

fragments by through the use of high energy electrons hitting the target compounds and
creating these positively charged fragments (ion fragments). The energy must be high
enough to break down the compound completely, while not altering the structure of the
compound (58). Chemical ionization (CI) is a softer ionization technique compared to
EI. During CI, a reagent gas is ionized first, hitting the molecule of interest and forming
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either an anion or a cation, keeping the original molecular weight and not causing further
molecular fragmentation (58).
Quadrupole, time-of-flight (TOF), and ion trap are common mass analyzers. A
magnetic strip in the analyzer selects ions of the right mass to go through the analyzer to
the detector. Based on the detected mass-to-charge ratio, the detector provides a total
ionization chromatograph and mass spectrum, the latter can be used in accordance with
the library to identify compounds of interest (59).
In summary, the objectives of my research are: (1) set up a practical and reliable
extraction method for the extraction, purification and separation of chemical compounds
from a complex matrix; and (2) use HPLC and LC-MS to isolate and identify chemical
compounds, particularly, the biochemical(s) in the chloroform fraction from the root bark
of O. horridus.
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CHAPTER TWO
SAMPLE PREPARATION AND EXTRACTION TECHNIQUES
FOR OPLOPANAX HORRIDUS STEM BARK
Abstract
The stem bark powder of Oplopanax horridus was extracted by methanol using
the Soxhlet extractor. After evaporation of methanol, liquid-liquid extraction (LLE) was
the next successive step to separate chemicals in the methanolic crude extract by
chemical partitioning based on their polarities between hexane, chloroform, ethyl acetate,
n-butanol, and distilled water. In regards to the potential bioactive chemicals in the
chloroform fraction, this fraction was subjected to three successive solid phase extraction
columns: 1.Silica; 2.HyperSep Diol; 3.C-18, in order to potentially isolate the phenolic
compounds and aromatic hydrocarbons of interest.
After the silica gel clean-up, the acetone eluent from the HyperSep Diol column
was collected and then subjected to a gradient elution by 20B-100B in distilled water
(B= % MeOH). The 40B elute was found to be the final elute of interest (using a Prodigy
Phenomenex RP Column) due to its peak intensity, retention time, and based on
wavelengths used for detection.
2.1 Introduction
O. horridus is a historical, traditionally used plant containing sesquiterpenes and a
variety of polyphenolics of medicinal and spiritual interest in the root bark of the plant
(1). Appropriate sample preparation and extraction techniques are necessary to clean up
and isolate the chemical compounds of interest in O. horridus. These chemicals of

	
  

29	
  

interest include polyphenolics, common bioactive compounds, which are widely
distributed in the plant kingdom (2). These polyphenolics are of interest due to their
antioxidant activity as well as medical applications (2). Polyphenolics have been found to
have antiulcer, anticarcinogenic, and antimutagenic activities. Hence, one of my research
objectives focused on optimizing extraction methods of bioactive chemicals, particularly
the polyphenols, in the plant O. horridus (2).
Two major widely used methods of extracting natural products are liquid-liquid
extraction (LLE) and solid phase extraction (SPE) (3). The former relies on the size,
charge, and polarity of the active constituents in aqueous plant extracts (4). The latter is a
preparation technique that considers solubility and functional group interactions of the
sample, solvent, and adsorbent in order to effectively fractionate and/or concentrate the
sample of interest (5). Plants are chemically very complex due to their enormous variety
of organic substances, which have various chemical structures, and undergo quite
different biosyntheses and metabolisms (6). Due to the extreme complexity of plant
metabolites, an appropriate extraction is necessary to remove unwanted phenolics and
nonphenolic substances such as waxes, fats, and chlorophylls so that analytical
techniques can be used for isolation and identification (7). To achieve these goals, some
fractionation techniques such as LLE and SPE can be applied to help remove these
unwanted compounds (7). Therefore, the purpose of this research was to determine
optimal conditions for the potential extraction of plant secondary metabolites such as
phenolics and/or aromatic hydrocarbons.
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2.2 Sample Preparation and Soxhlet Extraction
Soxhlet extraction is a time-consuming semi continuous solvent extraction
method (8). It is a well-established technique, though limited to the extraction of
thermolabile compounds, well surpasses in performance over other conventional
techniques (9).

In Soxhlet extraction, a suitable solvent must be selected for the

extraction of targeted chemicals (9). As attention to the hazard of certain chemicals on
the environment, as well as health concerns and safe use of chemicals has increased over
time, the use of hexane as the primary solvent used in Soxhlet extraction has declined. In
addition, the use of alternative solvents such as isopropanol, ethanol, hydrocarbons and
water as solvents has increased (9). In the Soxhlet method, the solvent is normally
retained in the chamber for 5-10 min, completely surrounding the sample. The solvent
then flows back to the flask through the siphon. For example, by the Soxhlet method, the
fat content in the sample is measured by the weight loss of the sample or by weight of the
fat collected by the flask (10).
2.2.1 Plant Material
The stem bark of Oplopanax horridus was wild harvested in Oregon in May and
June of 2012. The samples were shipped to Dr Feng Chen’s lab as entire root bark strips,
which were air dried prior to shipping to Clemson University.
2.2.2 Sample Preparation
Upon arrival the samples were air dried to a final moisture content of 10%
moisture by weight. The samples were placed in airtight bags that were heat sealed and
stored at -20˚C in the dark. The Thomas-Wiley Laboratory Mill Model 4 (Thomas-
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Wiley, Swedesboro, NJ, USA) was used to grind the dried outer stem bark and leaves.
The final screen size for the ground bark samples was <2 mm. The WonderMill Electric
Grain Mill was used next for grinding. The final ground sample was then sieve sorted to
a final particle size of <500 µg. The samples were ground in <50 g batches in a 25˚C
environment and stored at -20˚C in the dark until analysis. A process flow diagram of the
next stage is displayed in Figure 2.1.
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2.2.3 Methods and Materials
A large Soxhlet extractor was made by Dr. Gregory Jones in a custom design that
uses 8 L of solvent, a 90 x 250 mm thimble, up to 350 g of sample per extractor (2
extractors total), and requires a 10 hr extraction period (see Figure 2.2).

Figure 2.2: A custom designed Soxhlet extractor made by Dr. Jones
2.3 Liquid-Liquid Extraction (LLE)
Liquid-liquid extraction (LLE) is the one of the oldest and most widely used
solvent-based techniques for the preparation of qualitative and quantitative analyses of
samples (11). The goals of LLE in sample preparation are sample cleanup and/or analyte
component preconcentration (11). In LLE, there are two bulk immiscible liquid phases.
These phases are referred to as the aqueous phase and the organic extractant phase (11).
Agitation allows both the aqueous and extractant phases to become dispersed at first, then
followed by partitioning between the bulk liquid phases and mass transfer (11,12).
Advantages of LLE are that it offers large sample capacities compared to other batch-
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type phase distribution techniques, the organic extract itself can be subjected to the gas or
liquid chromatography without desorption, and finally there is a vast body of literature
that provides an extensive amount of information on developing LLE methods based on
factors such as organic solvents and acidity (11). LLE is commonly used in industrial
separation of chemicals in similar boiling points, e.g. the separation of aromatics from
aliphatic hydrocarbons (11).
2.3.1 Materials
A 2000 mL borosilicate glass Vee Gee separatory funnel was used for the liquid
liquid extraction (Novatech, TX, USA) (Figure 2.3). The chemicals used were A.C.S.
grade hexane, chloroform, ethyl acetate, and n-butanol, respectively. Water was prepared
and supplied by using a Millipore Synergy UV system (Millipore Billerica, MA, USA).
2.3.2 Methods
The product of the Soxhlet extraction was a 660.00 g sample of O. horridus
extract. This sample was dissolved in methanol. The solvents involved in liquid-liquid
extraction were A.C.S. grade hexane, chloroform, ethyl acetate, n-butanol, and distilled
water. Each solvent listed above was used sequentially in the extraction process. The
first solvent used was methanol. About 1000 mL of methanol was poured into the
separatory flask. Next, the separatory funnel was agitated allowing solute-solvent
interactions, and the methanol and hexane layers partitioned. The desired hexane layer
was expelled from the flask (leaving the methanol layer in the separatory funnel). The
process of addition of solvent, agitation, and expellation was completed for three
sequential 1000 mL additions of the same solvent for each solvent involved in liquid-
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liquid extraction (totaling 3000 mL used for hexane, chloroform, ethy acetate, n-butanol,
and distilled water sequentially). After each fraction was dried separately using a rotary
evaporator, their final weight was determined (Table 2.1 and Figure 2.4).
The crude chloroform fraction, of which the final weight from the LLE was 276.2
g (~43.2% of the total LLE separation) (Table 2.1) (Figure 2.4), was used for the
subsequent solid phase extraction (SPE) cleanup.

Figure 2.3: Separatory Funnel Containing Chloroform LLE Fraction
Table 2.1: Dried Weights and Percentages of LLE Fractions
LLE Fraction
Hexane
Chloroform
Ethyl Acetate
n-Butanol
Aqueous

	
  

Weight per 640 LLE separation (g)

Percentage of Crude (%)

315
276.2
4.51
33.66
8.97

49.22
43.2
0.7
5.26
1.4
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Figure 2.4: The LLE Fractions after Rotary Evaporation
2.4 Solid Phase Extraction (SPE)
In recent years, solid phase extraction (SPE) is the most desirable sampling
technique used in many areas of chemistry, including environmental, pharmaceutical,
clinical, food and industrial chemistries (13). In this research, SPE was used further to
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clean and separate different analytes in the chloroform fraction obtained from LLE. As
mentioned earlier, SPE is a sample clean-up and preconcentration technique used to
reduce sample and chromatographic complexity (14). The SPE method can be reduced to
four steps: activation, loading, washing, and elution (Figure 2.5). Theses steps were
taken into consideration in extraction design.

Figure 2.5: Diagram of Four Steps in SPE
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In regards to the effect of absorbents on chemical separations, three different
absorbent columns (or cartridges), i.e., silica gel columns, HyperSep Diol columns, and
Sep-Pak C-18 columns were used successively and compared in the hopes of yielding the
desired analytes (Table 2.2). Among these three columns, the silica gel column helped
adsorb polar compounds from the nonpolar matrices with subsequent elution of the
compounds in an organic solvent that was more polar than the original matrix (15). The
yellow band that was washed away contained chlorophylls and sterols that were not of
interest. The HyperSep Diol column was used for normal phase extraction in biological,
pharmaceutical, forensic and environmental applications. The sorbent in HyperSep Diol
cartridges consists of short alkyl chains with polar functional groups, which is ideal in the
isolation of polar compounds (16). Sep-Pak C-18 columns are reverse phase cartridges
that adsorb analytes of weak hydrophobicity from polar solvents (17). The non-polar
reversed phase sorbents with silica base were first columns to be widely used with
phenols, of which C-18 was the most popular (18). The reverse-phase mechanism of
apolar Van der Waals interactions between the analyte and sorbent allowed the retention
of phenols from a polar solvent (18). Another reverse phase mechanism that influences
sorption of phenols in modified resins involves π-π interactions (18). It was hoped that
the adopted extraction method with the three successive SPEs would be able to extract
the desirable phenolic compounds from the Oplopanax horridus plant.
2.4.1 Materials
A Lab-Line Stand and Fisher clamp were purchased, as well as an EZ Flash
solvent resistant polypropylene flash cartridge with screw top, luer lock end fittings and
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top and bottom frits. The size of the column was 420 mL which is equivalent to the
ability to pack 330g of material. The column was hand-packed with 244.84 g dry silica
gel (particle size=38 µm) for thin-layer chromatography from Qgindao Haiyang
Chemical Co., Ltd. (HG/T2354-92). A B-D 60 cc luer-lock syringe was purchased to
load the sample onto the silica column. A Rainin Rabbit-HP solvent delivery system was
used to deliver solvent to the silica gel column.
An EZ Flash solvent	
  resistant	
  polypropylene	
  cartridge	
  (size	
  25	
  mL	
  equivalent	
  
to	
   12g	
   packing	
   capability)	
   (Sorbent Technologies, GA, USA) was	
   purchased	
   for	
   the	
  
hand	
  packing	
  of	
  diol	
  sorbent (particle size=40-60 µm) (Thermo Scientific, PA, USA). A
100 mg C-18 Sep-Pak cartridge for SPE was the final cartridge (Waters , MA, USA). A
vacuum manifold was used to pull solvent with the HyperSep Diol and C-18 columns
(Waters, MA, USA).
Certified A.C.S. grade methanol, hexane, ethyl acetate, and acetone were
purchased from Fischer Scientific. Water was prepared and supplied using a Millipore
Synergy UV system (Millipore Billerica, MA, USA). Both the Yamato RE400 and Büchi
Rotaryevaporators were used for evaporation of solvent to concentrate LLE extracts and
the chromatographic elutes.
2.4.2 Methods
Solid phase extraction was used in order to isolate and purify different analytes in
the LLE chloroform fraction based on their chemical retention. Silica gel columns,
HyperSep Diol columns, and Sep-Pak C-18 columns were used successively in order to
yield the sample desirable for HPLC analysis. The way the sample is partitioned in SPE
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depends on the interaction of the analyte with both the chosen sorbent (solid phase) and
chosen solvent (i.e., mobile phase) (18). There were three successive columns used for
solid phase extraction. The first column was comprised of silica sorbent. The second
column used was comprised of a HyperSep Diol sorbent. The third column used was
comprised of C-18 sorbent. The product extracted using the silica column was then
loaded onto the HyperSep Diol column. The product extracted using the HyperSep Diol
column was loaded onto the C-18 column for the final extraction step. Figure 2.6 shows a
complete flow diagram of SPE processes.
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Silica is commonly used as the first step for sample clean-up, for example,
removing the lipid components of the plant extract that were of no interest. The silica
column was prepared by packing 244.84 grams of dry silica gel into the empty EZ Flash
solvent resistant 420 mL column used to fractionate samples based on their retention
times. A Rainin Rabbit-HP solvent delivery system was used to pump the solvents
discussed below at a flow rate of 900 mL/min through the column. The silica column was
first activated with 1500 mL hexane. Next, the dried down sample from the chloroform
fraction of liquid-liquid extraction (140.13 g) was dissolved in 327 mL of MeOH:HEA
(Hexane:Ethyl Acetate:Acetone) (1:1:1) and was then loaded onto the column silica
column using a luer-lock hand syringe. Once the sample was loaded onto the column, the
first wash was completed with 1500 mL of hexane-ethyl acetate (50:50). The second
wash consisted of 250 mL of HEA (1:1:1). The final solvent used was 1500 mL of
MeOH. The MeOH elute was collected and dried down using a rotary evaporator with a
yield of (46.51 grams), which was then separated into two equal parts of 23.26 grams that
were resuspended in MeOH:HEA (50:50).
Immediately after the silica fractionation, the HyperSep Diol column was used to
separate polar compounds based on the chemical retention times. A vacuum manifold
was set at 5-10 psi and used as a means of pulling solvent through the columns. Two SPE
cartridges were hand packed with HyperSep Diol gel (particle size 40-60 µm), resulting
in the HyperSep Diol Column I (13.52 g of bedweight) and Hypersep Diol Column II
(12.17 g of bedweight). Both of the columns were activated with 25 mL of 100% hexane.
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The samples from the silica column were resuspended in MeOH and then loaded onto
their respective columns diol columns. The HyperSep Diol wash and elute steps were
performed with 75 mL of the following solvents. Wash 1 consisted of washing the
column with 75 mL hexane. Every elute step consisted of 75 mL of solvent. Next, ethyl
acetate was used as the Elute 1. Acetone was used as Elute 2. Distilled water was used
as Elute 3. Finally, Ammonium hydroxide in 60:40 Acetonitrile:Methanol (v/v) was
used as Elute 4. It is important to note that all of these steps were completed successively
with each diol column. Elute 1-4 were dried down using the rotary evaporator. The
acetone sample dried down to a final weight of 5.87g, resuspended in MeOH, and
subjected to the next clean-up step (i.e., 3rd step) by the C-18 SPE.
The third step involved the fractionation by the Sep-Pak C-18 column, which was
packed by silica based C-18 reverse phase resins. The C-18 column was activated with 10
mL of MeOH. The column was loaded with the acetone sample from the Diol
fractionation. A gradient elution of distilled water and methanol 20B, 40B, 60B, 80B,
and 100B (B=% MeOH) was performed. It was found that the 40B elution contained the
chemical target of interest, so it was collected, concentrated by removal of solvent, and
then resuspended in HPLC MeOH for subsequent chemical analysis by HPLC-UV.
2.5 Results and Discussion
2.5.1 Liquid-Liquid Extraction
Liquid-liquid extraction (LLE) was used as the first step for sample extraction and
preconcentration of the chloroform fraction of Oplopanax horridus. In general, LLE is
the distribution of a solute between two immiscible liquid phases in contact with each
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other (19). The sample is therefore exposed to both liquid phases and distributes based
on solute-solvent interactions.
Solvent based extraction has been developed for the following, but not limited to,
fields of applications: (1) studying inorganic and organic complex equilibrium; (2)
separations in analytical chemistry; (3) large-scale industrial separation process in the
inorganic, organic, pharmaceutical, and biochemical industries; and (4) industrial waste
treatment (19). The distribution ratio is commonly used in LLE with a single organic
solvent as well as a single aqueous component in order to determine the mass of the
organic material in the sample dissolved between the two solvent components (D=[A]org
/[A]aq). The currently adopted LLE method involved fractionations between hexane,
chloroform (43.2% of total), ethyl acetate, n-butanol, and distilled water
It is no longer simply a matter of single organic solvent versus aqueous
fractionation, but rather the interactions between the solute and characteristics of each of
the five solvents. The fraction of interest in this experiment relied on the less polar
solvent chloroform, which is a popular solvent, commonly used for extraction of
chemicals with intermediate polarity because it is accommodating to both hydrophobic
and hydrophilic residues. Besides, chloroform and some other aliphatic halides are
liquids composed of active hydrogen atoms but no donor atoms, which also make the
solvent chloroform as a desirable solvent for many extractions (19). The polarity of
chloroform is manifested by a permanent electric dipole in its molecule, because of the
electronegativity caused by the atom of chlorine (19). Chloroform is a donor and can
align with an acceptor to allow the H from the donor to interact with an electron pair
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acceptor. This characteristic of chloroform increases its strength as a solvent for more
acidic donors and more basic acceptors. Previous studies have been conducted using
chloroform as a main extractant with Oplopanax horridus, identifying chemical
compounds in the plant that do have biological activities that are consistent with
ethnobotanical uses of this plant species (20)
2.5.2 Solid Phase Extraction
The goal of using solid phase extraction (SPE) in this research was to ensure a
successful sample preparation for the subsequent chemical separation and identification
by some sensitive analytical techniques, such as HPLC-UV and LC-MS. The general
objective of this research was to have the sample component of interest in solution, free
from interfering matrix elements, and be enriched at an appropriate concentration for the
qualitative and quantitative analyses (21). The selection of SPE columns and their
wash/elute solvents was investigated based on the extraction efficiency in order to
develop the final extraction method. The weight of sample extracted was an area of
concern due to the requirement of a high loading concentration when being injected into
HPLC system. The injecting concentration had to be high in order for detection of
compounds and for eventual fraction collection. When designing the extraction
procedures, the solvent eluotropic strength of adsorption and the polarity index were
considered, as well. The polarity index is an accurate measurement of the polarity of the
solvent for liquid-liquid extraction (measure of the solvent’s ability to act as a proton
donor, proton acceptor, or dipole). Eluotropic series were used, arranging solvents in
order of decreasing solution strength for solutes from particular sorbents (22). This
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allows each wash or elution to contain compounds of a more specific polarity. In the
entire SPE process, there were total of three fractionation steps involved, including
1:Silica; 2:HyperSep Diol; 3: Sep-Pak C-18 that the chloroform fraction sample was
subjected to. Within each fractionation step, there were different washes and elutes.
The silica fractionation was used as a clean-up step to remove waxes, fats, and
chlorophylls (7). Hexane-ethyl acetate (50:50) in the 1st wash step and HEA (1:1:1) in the
2nd wash step were used to remove these undesired compounds. The eluents from the
wash step was characteristic of a yellow band. This was a simple removal clean-up, but
was not deemed selective enough. Therefore, two other SPE fractionation steps were
incorporated to better select for the analytes of interest. These analytes come off in bands
(See Figure 2.7).

Figure 2.7: SPE using vacuum manifold and hand-packed 12 g silica column. The band
is indicative of a band of analytes moving through the column.
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The HyperSep Diol column was used in normal phase extraction of polar
compounds post-silica extraction. For example, the HyperSep Diol columns have been
commonly used to extract phenolic compounds, lignans, flavones, and cinnamic acid in
olive oils (23). The HyperSep Diol phase has also been commonly chosen because of its
negligible activity on very labile esters (23) that could potentially be promising pro drugs
(24). The hexane washing step used for the HyperSep Diol column helped retain the
polar compounds on the diol phase as well as eliminate potential hydrocarbons, waxes,
tocopherols and triacylglycerols through washing (24). The washing with hexane and
ethyl acetate was used in hopes that it would remove the major part of oxidized
triacylglycerols, sterols, and diacylglycerols (24).

These washes were necessary to

remove unwanted compounds that would interfere with HPLC isolation and LC-MS
identification. The samples were labeled, based on the mobile phase, as Elute 1: Ethyl
Acetate; Elute 2: Acetone; Elute 3: Distilled Water; and Elute 4: Ammonium hydroxide
in 60:40 Acetonitrile:Methanol (v/v) (Figure 2.8) and underwent HPLC analysis with a
reverse phase C-18 phenomenex prodigy column.

Among these steps, the Acetone

fraction collected from the diol columns was selected for further solid phase extraction.
Parameters of the HPLC-UV and chromatograms of the chemical identification of this
fraction will be discussed in Chapter 3.
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Figure 2.8: The Washes and Elutions Collected from the diol SPE column.
(From Left to Right: 1. Hexane; 2. Ethyl Acetate; 3. Ethyl Acetate (cont.); 4. Acetone;
5. Acetone (cont.); 6. Ammonium Hydroxide in 60:40 ACN:MeOH; 7. Water)
After the extraction by the HyperSep Diol normal phase, a reverse phase (RP)
extraction method was necessary to separate out the nonpolar and less polar components.
The Sep-Pak C18 columns (or SPE cartridges) contain a hydrophobic, reverse-phase,
silica-based bonded phase to adsorb analytes of weak hydrophobicity (17). The C-18 RP
resin has highly retentive alkyl-bonded phase for the retention of nonpolar to moderately
polar compounds. In addition, it has a high surface coverage of alkyl chains and residual
silanols that has shown to increase the retention of some polar analytes by secondary
interactions, mainly hydrogen bonding type between polar groups and silanol groups
(25).

C-18 is the most frequently used sorbent in the isolation of phenolic acids and

flavonoids (26). The solvents used with the C-18-silica are usually slightly acidified to
prevent ionization of the phenolics, which could greatly reduce retention (26). The alkyl-
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bonded surface is hydrophobic and it is supposed that the solubility of coordinative
saturated metal chelates in hydrocarbons and the energy of adsorption on alkyl-bonded
silica gel are interrelated (27). Noncovalent interactions are responsible for the total
interactions between the chelate molecules and the organic solvent molecules or the
surface hydrocarbon groups of modified silica gel, showing potential extraction of
hydrocarbons based on C-18 RP resins (27). Free phenolic acids are generally eluted
from RP columns according to decreasing polarities; therefore, the elution gradient
seemed to be a good idea during experimental design. Free phenolic acids (e.g.,
chlorogenic, protocatechuic, p-hydroxybenzoic, caffeic, vanillic, syringic, p-coumaric
and ferulic) could be separated using a simple isocratic mobile phase of methanol-wateracetic acid; therefore, the methanol-water gradient idea was incorporated into the design
as well. (14). An HPLC-UV method was developed under the mobile phase of elutes
20B, 40B, 60B, 80B, and 100B and see how retention changed with slight mobile phase
changes. The HPLC-UV method will be discussed in greater detail in the next chapter.
2.6 Conclusion
The use of Soxhlet extraction, liquid-liquid extraction, and solid phase extraction
allowed for sample clean-up and concentration of the compounds of interest in the
chloroform fraction of Oplopanax horridus. Soxhlet extraction removed unwanted
nonphenolic substances such as waxes, fats, and chlorophylls so that analytical
techniques could be used for isolation and identification of desirable analytes. Optimal
conditions for the potential extraction of plant secondary metabolites such as phenolics
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and/or aromatic hydrocarbons were found and deemed scientifically relevant. Triplicate
runs were completed for SPE (Table 2.2).

Table 2.2: Statistics on Triplicate SPE Run with a Loading Weight 0.1 g

SPE I (g)
SPE II (g)
SPE III (g)
Average
Variance

	
  

Post Silica
0.0166
0.023
0.0158
0.018466667
1.55733E-05

Post Diol
0.0024
0.0024
0.0019
0.002233333
8.33333E-08
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Post C-18
0.0005
0.0006
0.0005
0.000533333
3.33333E-09
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CHAPTER THREE
SEPARATION AND IDENTIFICATION OF BIOCHEMICAL COMPOUNDS IN
THE CHLOROFORM FRACTION OF OPLOPANAX HORRIDUS
3.1 Introduction
High-performance liquid chromatography (HPLC) is a versatile analytical
technology used for the separation of constituent components (analytes) in a liquid phase
by chemical distribution between the mobile phase (a flowing liquid) and a stationary
phase (sorbents packed inside the column) (1). HPLC is widely used in the analysis of
pharmaceuticals, biomolecules, polymers, and many organic and ionic compounds (1).
HPLC is the major and integral analytical tool applied in all stages of drug discovery,
development, and production (2), and is commonly used for the analysis of pesticide
residues in fruits and vegetables, organic acids, lipids, amino acids, toxins, and vitamins
(3).

The forced migration of the analytes via the mobile phase in HPLC allows

interactions between the surface of the porous media and the analyte, resulting in
different migration times for different components of the mixture (2). The four major
components of HPLC include: (1) column (stationary phase), (2) mobile phase, (3)
detector, and (4) sample information (1).
Reverse-phase chromatography (RPC) is the separation of analytes in a sample by
using a polar mobile phase and a hydrophobic (nonpolar) stationary phase. Reverse phase
chromatography has been the main HPLC mode used for analysis of plant secondary
metabolites, water and fat-soluble vitamins, carbohydrates, antioxidants, flavor
compounds, and pigments (3). The separation is heavily dependent on hydrophobic
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interactions (2), which result in the fact that most polar compounds elute first, followed
by medium polarity, and finally the most nonpolar compounds. This is opposed of
normal phase chromatography (NPC), where the polar compounds elute later due to
increased hydrophilic interaction with the stationary phase (1). It is important to note
that, though the stationary phase is a very important separation parameter, the mobile
phase in a large degree controls the overall separation of analytes from other components
in the matrix (1).
Detectors in HPLC measure the concentration (or mass) of eluted analytes. UV
absorbance detector monitors the absorption of ultraviolet in the HPLC eluent. The UV
detector consists of a deuterium lamp, a monochromator, and small flow cell (1). The
monochromator has a movable grating or prism that allows the passing of a specific
wavelength through the exit slit. In a dual-beam optical design light is split into a sample
and a reference beam, and the intensity of each separate beam is monitored by a
photodiode. Beer’s law states that UV/Vis absorption follows the principle:
Absorbance (A) = molar absorptivity (ε) x pathlength (b) x concentration (c)
Therefore, Beer’s Laws states that the spectroscopic absorbance varies linearly with both
the cell path length and the analyte concentration (4). When the cell path is fixed, the
detectors’ absorbance is linearly proportionally to the analyte concentration.
The selectivity and efficiency of columns are important parameters in HPLC
method design. Theoretically, if two different HPLC systems were equipped with
columns of different dimensions but the same stationary and mobile phase, the retention
factor (k) of the same analyte would be exactly the same (2). In a chromatographic
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system, selectivity (α) is the ability of the chromatographic system to discriminate
different analytes. Selectivity is dependent on nature of the analytes and their interaction
with the stationary phase, but not affected by the eluent composition or temperature of
the column (2). On the other hand, efficiency (N) is linked to band broadening that
occurs from analyte injection to distribution through the column. The plate theory,
introduced by Martin and Synge, evaluates column efficiency based on hypothetical
plates. These hypothetical plates each have finite heights and a finite time that the
analyte spends on the plate. The more theoretical plates, the more efficient the anlayte
exchange between the two phases, and the better the separation (5). Nevertheless, a large
amount of band broadening is undesirable (2).
The Van Deemter equation includes the main factors that contribute to the column
band broadening. The Van Deemter plot describes the individual terms related to the
eddy diffusion, longitudinal diffusion, and mass transfer effects. The eddy diffusion
refers to the efficiency of the packing of the column. It can be minimized by selecting
well-packed columns, using smaller stationary phase particles, and using particles with
narrow size distribution (6, 7).
The longitudinal diffusion explains the tendency of molecules in an injected
solvent to disperse to the outer edges of the band (or diffuse in a longitudinal direction),
causing band broadening. The occurrence of longitudinal diffusion can be minimized by
the use of higher mobile phase flow rates, but a higher flow rate will have an increased
backpressure on a column. One can also minimize unnecessary volume in tubing or
column (7).
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The mass transfer refers to the movement of the analyte through the mobile
phase and to the stationary phase (7). Its effects in chromatograph occur when analyte
molecules penetrate the pores of the stationary phase to different extents at different
locations causing band broadening. When reducing the mass transfer effects one must
consider the pore structure of the stationary phase. Smaller stationary phase particles can
also reduce mass transfer effects.
The mass spectrometer is used to determine a molecule after it converts the
molecule to a gas-phase ion. An electrical charge is imparted to the molecules and
converts the resultant flux of electrically-charged ions into a proportional electrical
current that a detector system can read and display the mass spectrum (8). Once the
eluent from a liquid chromatograph receives a high voltage resulting in ions from an
aerosol, the ions are separated, detected, and measured based on their mass-to-charge
ratios (m/z). The mass-to-charge ratio is representative of the charged particles mass to
their ionic charge (8).
The goal of the research was to isolate and identify important chemical
compounds in the chloroform fraction of the root bark of Oplopanax horridus using
HPLC-UV and LC-MS.
3.2 Column Selection Process
3.2.1 Introduction to HPLC-UV Column Selection
The HPLC column is the heart of the HPLC system; therefore, it is very important
to select an appropriate column for the sample being analyzed. General characteristics of
HPLC analytical columns for separating most phytochemicals include:
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•

50-250 mm x 2.0-4.6 mm i.d. packed with a 3- or 5- µm, C18 silica-based
bonded phase

•

Flow rate range of 0.5-2 mL/min

•

Operating pressure of 500-3,000 psi

•

Sample loading of 1 ng to 1 mg

•

4,000-20,000 theoretical plates.

The four major modes of HPLC include normal phase chromatography (NPC),
reverse-phase chromatography (RPC), ion-exchange chromatography (IEC), and sizeexclusion chromatography (SEC). RPC is used in 70-80% of all applications, and is the
type of chromatography used in this experiment (1). It employs mainly dispersive forces
(hydrophobic or Van der Walls interactions) that are the weakest intermolecular forces
(2). The low background energy caused by these forces allows for the distinguishing of
very small differences in molecular interactions, allowing for discrimination of very
closely related compounds based on retention and selectivity with ease (2).
When choosing the appropriate column for analysis, it is important to consider
column length, stationary phase, and composition of supporting material, particle size,
and surface area. The column length determines the efficiency, analysis speed, and
pressure drop. In the equation N=L/H, H represents plate length, L represents column
length, and N represents plate numbers. The equation shows how plate number and
column pressure are proportional to column length (1).
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The nature and characteristics of the stationary phase (particle size, pore size,
surface area, and ligand density) are also important considerations when selecting the
appropriate column. Different bonded groups for RPC include C-18, C-8, C-4, C-3,
-amino, -cyano, and –phenyl functional groups linked to silica base (1).
C-18 is very hydrophobic, retentive, and stable, making it the first choice for most
reverse phase separations (1, 9). It is important to note that all C-18 bonded phase
columns are not equal and interchangeable. There are hundreds of C18 columns on the
market that vary tremendously in their retention and silanol characteristics; therefore, in
many cases, different C-18 columns must be tested to determine which is the best choice
for the sample being analyzed (1). Silanols are hydroxyl groups attached to the surface of
the silica gel column and are known to cause adverse effects in HPLC analysis (10).
3.2.2 Analytical Equipment
The analytical instrument used in this research was a Shimadzu HPLC-UV
system, which consists of a Shimadzu UFLC Prominence SPD-20A detector, a Shimadzu
SIL-10AD auto-injector, a Shimadzu SCL-10A system controller, a Shimadzu
Prominence LC-20AT pump, and was a Shimadzu FRC-10A fraction collector. The
software was LabSolutions (Shimadzu, Kyoto, Japan).
The columns used during the initial selection process were the analytical HPLC
columns, including (1) Chem-Agilient Zorbax SB-Aq, (2) Phenomenex Prodigy ODS 3
250369-10, (3) RESTEK Ultra Aqueous C18, and (4) YMC Pack Pro C18. The
Phenomenex Prodigy ODS3 was the column selected and used throughout the analytical
HPLC-UV process. The sample vials used were FisherbrandTM 2 mL screw thread
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autosampler vials with amber borosilicate glass (Cat. No.: 03-391-36). The filter syringes
(30 mm, 0.2 µm, CA) were purchased from the Thermo Scientific (Suwanee, GA, USA).
3.2.3 Chemicals
All chemicals were in HPLC grade. HPLC grade methanol and formic acid were
purchased from the Fisher Scientific (Suwanee, GA, USA).

Deionized water was

prepared by a Millipore Synergy UV system (Millipore Billerica, MA, USA) in our lab.
3.2.4 Column Selection Procedure
An initial selection of a HPLC column involved four analytical HPLC columns,
including (1) Chem-Agilient Zorbax SB-Aq, (2) Phenomenex Prodigy ODS 3 column
(Series No. 250369-10), (3) RESTEK Ultra Aqueous C18, (4) YMC Pack Pro C18. The
Chem-Agilient Zorbax SB-Aq column is an alkyl reversed phase column designed to
retain hydrophilic compounds when using highly aqueous mobile phases (11). The
Phenomenex Prodigy ODS 3 column is known for its low cost, high theoretical plate
number, and rapid equilibration (12,37). The RESTEK Ultra Aqueous C18 column is
unique in that it claims high reproducibility and compatibility with many mobile phase
conditions and even includes 100% aqueous. The ligand type is proprietary polar
modified and functionally bonded C18 (13). The YMC Pack Pro C-18 has a unique end
capping procedure that claims to utilize Lewis acid/Lewis base chemistry to minimize the
effect of residual silanols (14) for reliable and reproducible separation of organic
molecules, including basic pharmaceuticals and chelating compounds (14). All of the
columns were reverse phase (RP) columns with (Length 250 mm x Internal Diameter 4.6
mm, Particle Size 5µm). Each column was tested for its separation of compounds based
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on their hydrophobic character in a single run with a mobile phase consisting of 0.5%
formic acid in distilled water (Solvent A) and 0.5% formic acid in methanol (Solvent B).
The gradient program was as follows: 0-120 minutes, linear gradient from 100:0 A:B
(v/v) to 23:77 A:B (v/v), 120.1-140 min step gradient at 0:100 A:B (v/v), 140-155 min,
linear gradient from 0:100 A:B (v/v) to 90:10 A:B (v/v), 155 min controller. The injected
sample was the crude chloroform fraction which has been undergone with a basic silica
gel SPE clean-up. Finally, the Phenomenex Prodigy Column was selected as the column
of choice due to its sharp peak shape and moderately early elution of peaks, which
indicated the eluted compounds with more nonpolar characteristics of interest. The
detector’s wavelengths were set at both 270 nm and 325 nm (See Figure 3.1).
	
  

	
  

62	
  

	
  

63	
  

3.2.5 Sample Elute Selection Process
After the column selection, a solid phase extraction (SPE) method was set up.
This extraction method contains three SPE steps, which occur successively. Each diol
elute (Elutes 1-4) was subjected to a 20B-100B (B: % MeOH) gradient. The 20B, 40B,
60B, 80B, and 100B sample was collected from each diol elute subjected to C-18
separation. The samples were dried down, resuspended in HPLC MeOH, and run on the
HPLC-UV using these parameters. The mobile phase consisted of 0.5% formic acid in
distilled water (Solvent A) and 0.5% formic acid in methanol (Solvent B). The gradient
program was as follows for 0-120 min, linear gradient from 100:0 A:B (v/v) to 40:60 A:B
(v/v ); 0:100 A:B (v/v) from 120.1min-140 min post run time was 20 minutes for column
equilibration prior to the next injection. The flow rate was 1.5 mL/min. The injection
volume was 30 µL. The concentration of the injected sample was about 25-50% w/v for
each resuspended sample. Figure 3.2 is a chromatogram of 40B Acetone run on the
HPLC-UV following these parameters.
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3.3 HPLC-UV Sample Analysis
3.3.1 Chromatographic Conditions for Sample Analysis using HPLC-UV
A reversed-phase Phenomenex Prodigy™ ODS3 chromatographic column (250 x
4.6 mm, 5 µm ODS-3 100 Å) (Phenomenex, Torrance, CA, USA) was used due to its
very hydrophobic, retentive, and high stability (1). The gradient elution employed a
mobile phase consisting of 0.5% formic acid in distilled water (Solvent A) and 0.5%
formic acid in methanol (Solvent B). The gradient program was as follows: The gradient
program was as follows 0-1 min, 95:5 A:B (v/v); 1-5 min, linear gradient 95:5 A:B (v/v)
to 93:7 A:B (v/v); 5-26.5min, linear gradient from to 93:7 A:B (v/v ) to 90:10 A:B (v/v);
26.5 min to 51.5 min, linear gradient from 90:10 A:B (v/v) to 80:20 A:B (v/v); 51.15 min
to 76.5 min, linear gradient from 80:20 A:B (v/v) to 70:30 A:B (v/v); 76.5 min to 91.5,
linear gradient from 70:30 A:B (v/v) to 60:40 A:B (v/v); 91.5 min to 96.5 min, linear
gradient from 60:40 A:B (v/v) to 40:60 A:B (v/v); 96.5 min to 101.5 min, linear gradient
from 40:60 A:B (v/v) to 35:65 A:B (v/v); 101.5 min to 105 min, linear gradient from
35:65 A:B (v/v) to 20:80 A:B (v/v); 105 min to 108 min, linear gradient from 20:80 A:B
(v/v) to 5:95 A:B (v/v); 108 min to 109 min, linear gradient from 5:95 A:B (v/v) to 0:100
A:B (v/v); 109 min to 144 min 0:100 (A:B) v/v. The flow rate was 1.5 mL/min. The
injection volume was 20 µL.
3.4 Fraction Collection
3.4.1 Introduction of Fraction Collection
The two fundamental modes of collecting fractions are by auto peak detection and
by time based collection. If retention times of peaks are known, time-base collection is
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the most reliable method to use. If auto peak detection is used a signal cable must be
installed between the detector outputs and Channel 1 input on the back of the fraction
collector (15). It is important to consider delay volume when setting up a method because
the set delay volume influences peak collection time.

The void volume is a very

important parameter because one must be aware that even if an analyte does not interact
with the stationary phase, it does not immediately appear in the detector (2). This void
volume and void time component of the parameters must be considered (2). Fraction
collection can lead to more purified samples that can then be run using mass spectrometry
for potential detection.
3.4.2 Fraction Collection Methods
A Shimadzu FRC-10A attached to the Shimadzu HPLC-UV was used during
fraction collection. The mobile phase consisted of 0.5% formic acid in distilled water and
0.5% formic acid in methanol. Peaks were collected: (Peak 1) 29.5-32.03 min, (Peak 2)
47.3-49.5 min, (Peak 3) 68.1-72.58 min, (Peak 4) 72.66-75.51 min. Peak 3 was collected
using the fraction collector (See Figure 3.3). Peak 3 (68.1-72.58 min) was identified as
ferulic acid using LC-MS (See Figure 3.4)
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3.5 LC-MS
3.5.1 Introduction to LC-MS
High pressure liquid chromatography-mass spectrometry (HPLC-MS) is used to
couple liquid chromatography’s capabilities of separation within the liquid phase and the
mass analyzer’s capability of mass analysis. The three main parts of a mass spectrometer
are: an ion source, a mass analyzer, and a detector. The mass-to-charge (m/z) ratio
allows the separation of the sample in the mass analyzer. The ions are detected by the
detector and plotted based on ion abundance versus m/z. The electrical potential can be
either positive or negative at the ion source. There are primarily two types of ionization
matrix-assisted laser desorption ionization (MALDI) and Electron Spray Ionization (ESI)
(8), where the latter takes place in a liquid phase through low energy chemical processes.
(16). In ESI, the sample is dissolved in a polar solvent, pumped through stainless steel
capillary carrying between 2000 and 4000 V.

Leaving the capillary, the liquid

aerosolizes at atmospheric pressure, desolvating droplets shedding ions that will then
flow into the mass spectrometer. The ions are induced by the combined effects of
electrostatic attraction and vacuum helping move the ions. (17).
3.5.2 Materials and Methods
The liquid chromatograph mass spectrometer 8040 (LCMS-8040) (Shimadzu,
Kyoto, Japan) was used for chemical identification. The optical system of the LCMS8040 has two multi-pole RF ion guides for higher sensitivity. The system also has
quadropole ion guides that minimize the signal losses between ion optics.
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3.5.3 Chromatographic Conditions for Sample Analysis using HPLC-MS
With the help of Dr. Nishanth Tharayil in the Department of School	
   of	
  
Agricultural,	
   Forest	
   and	
   Environmental	
   Sciences of Clemson University, a Shimadzu
LCMS-8040 was used to identify chemical compounds from fraction-collected peaks. A
direct infusion method was used to analyze the fractions collected from the HPLC-UV
(Q3-scan-direct infusion negative mode). Product ion scans of m/z (mass/charge ratio)
were completed at 20, 25, and 35 V.

FC 1: Ferulic Acid

Figure 3.4: Mass Spectrum of ferulic acid determined by Shimadzu 8040 LC-MS
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3.6 Results and Discussions
The

Phenomenex

Prodigy™

ODS3

(octadecylsilyl)

reverse-phase

chromatographic column (250 x 4.6mm, 5 µm ODS-3 100 Å) was selected for the HPLCUV analysis. The ODS columns are desirable due to their low cost, high theoretical plate
number, and rapid equilibration (37). Most research on separation of the phytochemicals
of the O. horridus has been completed by using a C-18 HPLC column (18-24). The
Phenomenex Prodigy ODS (2) columns (22,23,24) differ from the Phenomenex Prodigy
ODS3 column in pore and particle size, but containing the similar sorbent material (12).
The Phenomenex Prodigy ODS columns are commonly used in HPLC analysis of
phenolic compounds (22, 25) and saponins (23,24), which are both compounds of interest
in Oplopanax horridus (26, 27, 28,29).
Ferulic acid was identified in the sample using the Shimadzu LCMS-8040 (Figure
3.4). Ferulic acid was identified based on the fragmentation pattern of its mass spectrums
and library comparison. Fragmentation is also commonly referred to as collision allyactivated dissociation (CAD), which is a mechanism by which molecular ions tare
fragmented in the gas phase usually by acceleration by electrical potential to a high
kinetic energy in the vacuum region followed by collision with neutral gas molecules,
such as helium, nitrogen, or argon.

The collision causes part of the energy to be

internalized, breaking chemical bonds in the molecular ion being reduced to small
fragments (8). Ferulic acid (4-hydroxy-3-methoxycinnamic acid) is a hydroxycinnamic
acid and a ubiquitous component of the primary cell walls of plants with a molecular
weight of 194.l g/mol and a melting point of 174°C (30,31). Ferulic acid is cold water-
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soluble, insoluble in water, soluble in methanol, ethanol, and acetone (31). Ferulic acid is
sensitive to light and therefore should be kept in a dark environment (31). Solvents for
the separation of ferulic acid include petroleum ether, ethyl ether, ethyl acetate, acetone,
alcohol, chloroform, n-hexane, methyl alcohol, and a combination of mixed solvents. It
was reported that methanol has the highest extracting rate of the chemical, and ethanol
and chloroform follow (31).
The precursors of ferulic acid are p-coumaric acid (p-hydroxycinnamic acid) and
caffeic acid (3,4-dihydroxycinnamic acid)(Bourne). Ferulic acid, p-coumaric acid, and
caffeic acid are synthesized from the Shikimate pathway from phenylalanine or Ltyrosine. Ferulic acid cross-links pentosan chains of arabinoxylans and hemicellulose in
cell walls. Ferulic acid rarely exists in the free state. In the cell wall, ferulic acid exists
by linking with lignin and hemicellulose with ether or ester bonds. These cross links form
barriers to invading pathogens and challenge cell wall expansion (30). Ferulic acid’s
phenolic nucleus and extended side chain conjugation allow it to readily form a
resonance stabilized phenoxy radical chain and suppress radiation-induced reactions (31).
Increased interest in the effects of phenolic phytochemicals the form of fruits,
vegetables, grains, and beverages in the diet is leading to research on potential health
benefits of these hydroxycinnamic acids in the diet (32). Ferulic acid can be absorbed
and easily metabolized in the human body (32). Ferulic acid also has a very low toxicity
making it a popular raw material in the production of preservatives and vanillin as well as
a stabilizer in food gels and edible films (32). Because ferulic acid can make the crosslinking between protein with polysaccharide, it can be used as food cross linker (31).
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Ferulic acid has many medical effects including anitithrombosis, hypolipdemic,
prevention and treatment of coronary heart disease, anti-inflammatory anti-bacterial, antimutagenic, and anti-cancer effects (31) Ferulic acid has been shown to protect against a
variety of inflammatory diseases and to protect against polyunsaturated fatty acids in
LDL and lipid systems (30,33-36). Ferulic acid has also been used in the cosmetic
industry with UV absorption, anti-oxidation and whitening as well as in skin aging and
skin disease treatment (31).
3.7 Conclusion
Ferulic acid was isolated and identified in the bark of the chloroform fraction of
Oplopanax horridus by using HPLC-UV and LC-MS.

Prior to the chemical

identification, the preliminary sample extraction and purification, the column selection,
the HPLC method optimization, and fraction collection were all important steps. Finally,
the LC-MS was necessary to identify potential compounds of interest. Ferulic acid that
belongs to the chemical group of hydroxycinnamic acid has various functional and
medicinal benefits. Many other chemicals remained unidentification that need further
research work.
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